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Introduction 


In  the  analysis  of  upper-level  churt3,  the  lack  of  sufficient  wind 
observations  remains  a significant  problem.  This  deficiency  is  particularly 
apparent  with  the  recent  aviation  requirement  of  winds  at  and  above  the 
jet  stream  lovcl  ar.d  with  the  advent  of  forecasting  techniques  based  on 
a Knowledge  of  tho  wind  field  in  this  region  (cf.  i,  9,  L2)»  The  present 
density  of  wind  reports  is  inadequate  to  determine  the  wind  field  to  the 
degree  required  for  the  above  and  will  remain  so  until  it  increases  to 
at  least  that  of  tne  raob  network  regardless  of  the  weather  conditions  and 
wind  speeds  encountered.  Until  that  time,  reported  winds  will  have  to  be 
supplemented  with  computed  winds  in  spite  of  the  admitted  inadequacies  of 
the  latter. 

Much  has  been  said  in  the  literature  concerning  the  computation  of 
winds  (cf.  3,  5,  6,  8J  but  little  if  any  has  been  especially  concerned  with 
the  high  speed  -winds  associated  with  the  jet  stream.  The  purpose  of  this 
paper  is  to  introduce  and  test  a computational  technique  that  considers  the 
special  proDicms  of  upper-level  high-speed  winds  ar.d  yet  is  simple  enough  to 
be  applied  in  routine  analysis  and  forecasting. 

Preliminary  Considerations 

A factor  which  is  generally  neglected  in  the  computation  of  low-speed 
winds,  but  which  must  be  considered  here,  is  the  choice  of  a map  projection 
suitable  for  analysis  of  the  height  field.  Of  the  maps  most  frequently  used 
for  mid-latitude  analysis,  the  polar  stereographic  and  the  Lamport  oonformal 
oonic,  only  the  latter  is  suitable.  The  reason  being  that  only  on  this  pro- 
jection will  the  curvature  of  a line  on  the  map  closely  approximate  the 
geodesic  curvature  of  the  line  on  the  earth  .except  for  scale  differences. 
When  using  the  stereographic  projection,  the  difference  between  the  real  and 
the  measured  curvature  can  result  in  errors  of  2C-25  per  cent  in  the  com- 
puted wind  in  the  jet  stream  region,  for  the  error  is  directly  proportional 
to  the  wind  speed  as  well  as  inversely  proportional  to  the  latitude  (when 
south  of  the  true  parallel,  and  the  curvature. 
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1 painstaking  analysis  of  the  hei0nl  field  at  the  leval  of  interest  is 
assumed  in  the  discussion  since  computed  wind  speeds  are,  of  course,  primarily 
dependent  on  the  height  gradient.  The  reader  is  referred  to  (lj  for  a detailed 
disoussion  of  the  problems  involved  in  such  an  analysis, 

Neiburger  et  al  (5)  found  that  for  winds  at  tho  700-mb  level,  computations 
using  the  geostrophic  assumption  gave  just  as  good  results  as  those  using  the 
gradient  '•’sumption.  But  this  result  would  rot  be  expected  at  upper  levels  where 
the  wind  apeeas  are  much  hi, -her,  for  the  gradient  correction  is  a secend  order 
funotion  of  the  wind  speed.  Therefore,  the  method  of  computation  to  be  discussed 
is  based  on  the  gradient  wind  assumptions. 


Construction  of  the  Gradient  Wind  Nomograms 
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Nomograms  were  constructed  from  the  gradient  wind  equation  as  expressed  by 


-J-  + f (v-v.)  = o 

ft*  * 
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where  V is  the  gradient  wind,  VT  is  tne  geostrophic  wind,  f is  the  corioiis 
parameter,  and  R^  is  the  radiu3  of  curvature  of  tho  trajectory  of  the  a3.r  parcel 
(positive  for  cyclonic ),  The  parameters  of  this  equation  are  easily  calculated 
from  a constant  pressure  chart  with  the  exception  of  R^.,  Tho  usual  assumptions 
in  this  regard  are  to  consider  R^  ocua.1  to  the  radius  of  curvature  of  the 
streamlines  (Rg),  which  in  turn  is  oqual  to  that  of  the  contours  (RCJ0 

These  assumptions  signify  the  existence  of  a stationary  steady  state 
pattern  of  contours.  However,  this  is  not  usually  the  case  m the  atmosphere. 
Considering  Rg  equal  to  RQ  is  tantamount  to  saying  '.hat  there  are  no  accelerations 
along  the  streamlines,  i,e.,  the  wind  blows  parallel  to  the  contours,  Thi3 
assumption  i3  the  more  justifiable  under  the  circumstances  as  it  is  inherent  in  the 
gradient  wind  equation.  The  error  thus  introduced  v/ouid  cost  likely  be  a minimum 
in  the  lower  levels  of  the  atmosphere  and  a maximum  in  the  jet  stream,  Unfortunutaiy 
the  present  data  network  and  computat lonal  difficulties  void  considering  acceler- 
ations at  any  level  and  especially  so  m the  region  of  the  jet  stream.  We  shall, 
therefore,  have  to  neglect  them  to  keep  our  computational  method  simple.  Because 
the  sign  of  the  acceleration  13  not  systematic  (see  1UJ,  the  resulting  error 
should  not  be  systematic. 

Considering  Rfc  equal  to  R implies  no  movement  or  change  in  shape  of  the 
contour  field.  This  is  not  inherent  in  the  gradient  wind  equation.  Use  of  this 
assumption  would  cause  the  computed  winds  to  be  lower  than  the  true  gradient  wind 
under  cyclonicaily  curved  flow  and  higher  under  anticyclonically  curved  flow. 

Thus  a systematic  error  is  produced  which  should  be  eliminated  if  possible. 

It  has  been  shown  ( 7 ) that  in  a system  moving  with  no  change  in  shape,  the 

relationship  between  R and  R can  be  expressed  by  the  equation 
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Where  C is  the  apeed  of  .notion  of  the  pressure  sys'em  and  is  the  angle  between 
tne  wind  directicn  and  the  direct:  cr  of  motion  of  the  pressure  syst  im.  In  the 
case  cf  the  qua3i-s.inur.0i  dal  wave  pattern  typical  of  uppor-ievel  patterns,  ^ 
would  genera.!  iy  be  le-s  then  45°  sc  that  cos  J^would  be  larger  than  0.7.  In  the 
vicinity  of  tr.e  trough  and  ridge  lines,  wher-  the  gradient  correction  is  largest 
and  errors  in  curvature  more  significant,  the  angle  ^ would  generally  be  muon 
smaller  than  45°,  oinca  these  lines  co^e  in  a drection  almost  perpendicular  to 
themselves  and  a-e  of  necessity  pe rpendi cuiar  to  the  contours.  In  this  case  the 
mlue  of  cos  K'  would  be  very  close  to  i.0.  With  good  approximation,  vre  therefore 
obtain  the  following  equation  by  combining  equaticns  (l ) and  (2Jj 

+ f (v-Vj). 

(3) 


This  ecuaiicn  was  yr ached  so  that  c.omnuta tions  could  be  ouickiv  and  easily  made. 

The  result  is  presented  in  Fig.  1 (cyclonic  casej  and  Fig.  2 (anticyclonic  case).-1- 
The  nomograms  are  for  a partio -,iar  latitude  and  a particular  value  of  C with 
provision  for  ad inr? tn?at  for  other  vmues  of  these  parameters.  Ir.  the  construction 
a value  of  20  knots  was  used  for  C since  that  is  approximately  the  average  value 
found  by  Naraias  (4 ) at  700  mb,  and  the  speed  of  pressure  systems  is  known  to 
be  approximately  constant  with  height.  For  computation  purposes  the  value  cf 
C may  be  determined  from  the  speed  of  the  nearest  trough  or  ridge  line. 


Comparison  of  Comp ut ed  and  Observed  Winds 
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To  test  the  value  of  the  nomograms  and  wind  computations  in  general,  a number 
of  computed  winds  were  compared  with  observed  winds  and  the  deviations  noted.  A 
number  of  winds  were  computed  from  a series  of  25  300- mb  oiiarts  for  the  first  half 
of  November  1951.  The  regions  chosen  for  the  test  were  those  with  a maximum  of 
data,  namely  the  United  States  and  Great  Britiiua, with  id  per  cent  of  the  winds 
coming  frem  this  latter  area.  The  choice  was  mace  with  the  aim  of  obtaining  a 
good  contour  analysis.  These  analyses  were  carefully  made  with  the  primary 
concern  being  to  araw  for  the  height  data  although  the  wind  data  was  on  ure  chart 
at  the  time.  A wind  was  computed  for  eacn  station  that  reported  a wind  at  300 
mb  provided  the  radius  of  curvature  cf  the  contour  and  the  geosrrophic  wind  could 
be  measured  fairly  reliably.  This  eliminated  computations  very  neur  centers,  in 
very  sharp  troughs  and  ridges,  and  in  regions  where  the  oontours  began  to  converge 
or  diverge  sharply.  This  was  not  a major  restriction  as  very  few  winds  were 
eliminated  for  these  reasons.  Only  winds  above  25  knots  were  considered. 

The  computations  were  por formed  using  the  nomograma  described  above  and  the 
geostrophio  assumption  in  cases  of  straight  flow.  They  will  be  considered  under 
three  classifications*  Cyolomc,  anticyclonic,  and  no-curvature.  The  aelhnitior 
of  this  latter  group  is  somewhat  indefinite  since  a curvature  correction  is  not 
significant  beyond  a certain  point  dependent  on  the  wind  speed,  and  these  low 
curvatures  can  be  considered  straight  flow  for  practical  purposes.  For  most  winds 


■'"For  the  details  of  the  construction  and  use  of  the  nomograms  see  the  Appendix* 


a radius  of  curvature  in  excess  of  40°  latitude  can  bo  neglected  as  having  no 
significant  effect  on  the  computation.  However,  for  winds  much  above  lOO  knots,  as 
found  in  the  region  of  the  jet  stream,  this  is  not  true.  For  example,  a gradient 
wind  computed  to  be  250  knots,  U3ing  a cyclonic  radius  cf  curvature  of  53°  latitude, 
would  become  a 300  knot  wind  if  the  curvature  correction  were  neglected— a 20  percent 
error.  Just  how  large  a radius  of  curvature  it  is  possible  to  measuro  with  the 
curve  fitting  or  other  methods  is  open  to  question.  It  is  doubtful  if  values  as 
largo  as  40°  latitude  can  be  accurately  ceasured  at  times,  whereas  much  larger  values 
can  bo  measured  when  we  have  a current  of  considerable  length  with  little  curvature 
change  alcr.g  it.  As  a compromise,  radii  of  curvature  up  to  80°  latitude  wore  measured 
whenever  possible,  with  the  remaining  -winds  considered  as  "no  curvature”  cases. 

This  problem  is  not  significant  as  far  as  this  comparison  is  concerned  as  only  two 
winds  larger  than  125  knots  wore  observed.  It  would  be  much  more  so  in  the  case  of 
an  actual  wind  analysis  since  the  very  higr.  winds  are  most  likely  to  be  missing  from 
the  reports  and  must,  therefore,  be  canputed. 

The  distribution  of  the  winds  used  in  the  test  is  given  in  Table  I. 


Table  I.  Distribution  of 

408  observed 

winds 

(in  per  cent) 

Obaerved  wind  speed  (knots) 

25-49 

50-74 

75-99 

100 

Total 

Cyclonic 

18 

17 

8 

2 

45 

Anticyclonic 

12 

13 

4 

30 

No-curvuture 

10 

ll 

4 

0 

25 

Total 

40 

41 

18 

3 

100 

Of  the  anticyolonio  winds,  almost  half  were  in  a region  which  the  radius  of 
the  contour*  was  smaller  than  the  minimum  radius  possible  with  balanced  gradient 
flow  (sea  (2)  for  discussion  of  minimum  radius. ),  Under  such  conditions,  a 
gradient  computation  was  not  possible.  The  distribution  of  these  winds  with  respect 
to  speed  was  quite  similar  to  that  shovci  in  Table  I for  ail  anticyolonio  winds. 

Cyolonic  and  no-curvature  cases.  Fig.  4 i3  a cumulative  frequenoy  distribution 
of  the  deviations  (positive  and  negative ) of  the  computed  from  the  observed  wind 
speed  speed  comparing  the  gradient  and  geostrophic  winds  for  the  cases  with 
oyolonic  flow.  It  can  readily  be  seen  that  here  the  gradient  speed  is  a better 
approximation  to  the  observed  speed  than  the  geostrophic.  Of  course,  the  observed 
wind  due  to  its  inaccuracies  may  be  different  from  the  real  wind  so  that  the 
deviation  of  oomputed  vd.  nds  from  real  winds  could  be  somewhat  different  from  that 
given  above,  but  it  would  not  necessarily  be  so. 

Fig.  5 gives  the  frequency  distribution  of  errors  for  the  cyclonio  and  no 
ourvature  groups  with  positive  deviation  indicating  a computed  wind  larger  than 
the  observed.  The  curve  for  the  cyclonic  group  using  the  gradient  wind  (Fig.  5a) 
is  fairly  symmetrical  with  a mode  of  about  zero.  It  indicates  that  30  per  cent  of 
the  computations  came  within  ± 10  per  cent  of  the  observed  wind  speed  and  about 
70  per  cent  within  ±30  per  cent  (see  also  Fig.  4). 
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The  curve  for  the  no-curvature  group  (Fig.  5b)  is  quite  similar  but  has  a mode 
slightly  greater  than  zero.  This  is  probably  due  to  the  fact  that  cases  with  large 
radii  of  ourvature  were  considered  to  have  no  curvature  and  that  these  cases  were 
predominately  cyclonic.  Thus,  if  the  small  curvature  correction  had  been  applied, 
the  computed  wind  vould  have  been  slightly  lower.  Approximately  the  same  accuracy 
is  indioated  as  in  the  cyclonic  case. 

To  Improve  these  distributions  the  large  percentage  errors  should  be  eliminated. 
In  an  attempt  to  dc  this,  ail  cases  with  errors  greater  than  30  par  cent  wore  examined 
to  determine  if  a common  factor  existed  such  that  these  cases  could  be  eliminatedo 


Grouping  according  to  the  radius  of  curvature  failed  to  yield  the  desired  factor 
as  the  errors  were  fairly  evenly  distributed  except  for  a slight  tendenoy  for  large 
errors  to  ocour  when  tho  radius  of  curvature  was  small.  The  investigation  of  the 
offect  of  wind  speed  was  more  fruitful,  however.  In  both  cyclonic  and  no-curvature 
oases,  it  was  found  thut  most  of  the  large  errors  occurred  with  w nds  less  than  50 
knots.  In  Fig.  5 tho  dashed  curves  give  the  distribution  cf  errors  for  the  cases 
where  the  aotuai  wind  was  50  knots.  The  fact  that  large  errors  occur  at  low  wind 
speeds  could  very  likoiy  be  due  to  the  use  of  percentages  instead  of  absolute  values. 

Beoause  of  the  fairly  large  mount  of  dispersion  still  remaining  in  the  curve 
of  the  cyclonic  winds,  the  si  gnif  i'conce  of  the  correction  for  movement  was  investigated. 
A tabulation  of  the  speed  of  the  trough  and  ridge  lines  showed  t’nat  UO  per  cent  feu 
in  the  range  0-40  knots,  wnile  40  per  cent  fell  within  15-25  knots,  When  the  average 
speed  of  mo venB nt--2G  knots--v/as  assumed  for  all  of  the  cases  there  was  no  appreciable 
change  in  the  curve  as  presented  in  Fig.  5a.  This  is  readily  seen  from  the  nomogram 
as  well,  for  use  of  the  average  speed  of  movement  instead  of  the  real  speed  results  in 
an  error  of  less  than  10  per  cent  in  the  wind  speed  for  any  computation  made  to  the 
right  of  the  short  dashed  curve  at  the  far  left  on  the  nomogram  provided  the  real 
speed  lies  between  0 and  40  knots,  inclusive. 

Some  positive  skewness  is  to  be  expected  in  ail  of  the  curves  due  to  the  use  of 
oercentages,  for  then  the  size  of  the  deviation  is  much  more  restricted  on  the 
negative  side  than  on  the  positive  side, 

Antloyolonio  case:  The  anticyolonio  graph.  Fig.  6,  shows  an  entirely  different 

pioture  from  that  of  the  cyclo  n i c graph  for  now  the  gradient  wind  speed  i3,  on  the 
average,  no  improvement  over  the  geostrophio  speed.  In  fact,  the  geostrophic  is  even 
somewhat  better. ^ This  is  surprising  since  the  curvature  correction  is  more  significant 
under  anticyolonio  oonditicns  than  under  oyclonio  conditions.  The  most  readily 
available  explanation  is  concerned  witn  the  conoept  of  a minimum  radius  of  curvature. 

As  has  been  stated,  half  of  the  cases  selected  under  anticyclonic  condtxons  had 
radii  of  ourvature  smaller  than  the  minimum  and  a gradient  computation  could  not  be 
made.  Of  the  remaining  winds,  most  )iad  curvature  radii  quite  near  the  minimum. 

This  would  lead  one  to  the  oon elusion  that,  with  anticyclonically  curved  flow  in  the 
upper  troposphere,  non-graaient  oonditions  are  the  rule  rather  than  the  exception. 


The  anticyclonic  oase,  therefore,  presents  considerable  cumplicat ion  b ©cause  it  is 
desirable  to  be  able  to  obtain  an  estimate  of  the  wind  even  when  a gradient  computation 
is  not  possible  due  to  a smail  curvature  radius,  and  also  because  the  gradient  wind 
does  not  appear  to  give  good  results  when  it  oan  be  used.  For  these  reasons,  it 
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on  those  winds  for  which  a gradient  computation  was  not  possible  are  included  In 
the  geostrophio  ourve  of  this  figure,  there  is  no  great  ohange. 


was  decided  to  see  v.'hat  could  be  obtained  fro:?  the  geostrophic  wind.  Ail 
the  geostrophic  winds  are  included  in  the  following  cansiderat ions,  as  it 
was  found  that  in  each  of  the  cases  the  separate  curve  for  an  wind*  did 
not  differ  appreciably  from  the  curve  for  those  cases  when  e.  gradient 
computation  was  possible. 

fhe  winds  were  first  divided  into  -ro'jps  with  reported  speeds  of 
<50  knots  ard  £ 50  knots,  big*  7a  is  the  frequency  distribution  of  errors 
for  those  ^.50  knots.  This  curve  shows  a mode  of  zero  and  on  accuracy 
comparable  to  that  shown  in  the  dashed  curves  of  Fig.  5.  Fig.  7b  is  for 
those  winds  > 50  knots0  It  has  a mode  which  is  definitely  negative  as 
would  be  expected.  A shift  in  this  mode  so  that  the  curve  would  be  more 
or  less  symmetrical  around  zero  car : be  accomplished  by  adding  20  per  cent 
to  each  of  Die  gee  strop  hie  winds,  The  result  uf  such  an  additon  is  shown  in 
the  dashed  curve.  This  latter  method  of  computing,  whiio  strictly  empirical, 
allows  an  estimate  of  the  wind  speed  under  conditions  that  would  preclude  a 
gradient  computation,  and  yet  give  an  accuracy  comparable  to  the  best  attained 
above. 


Analysis  o^  Errors 

The  question  immedia tely  arises  as  to  why,  in  spite  of  the  care  exercised 
in  making  ths  co-meu  tat  ions,  do  deviations  of  50  per  cent  or  more  still 
occur.  Tie  cause  .nust  be  that  the  base  for  comparison  was  inaccurate,  the 
assunpt ions  in  the  method  wore  not  fulfilled,  or  the  metnod  was  rot  applied 
correctly.  Those  may  oe  broken  down  for  discussion  under  the  following* 


(ij  Inaccurate  rawms 

*s*Rc 

(3 ) Angle  ^ ^0 
(4}  Analysis  errors 


(i)  While  rawins  are  not  accurate,  they  are  the  best  that  are  available 
Their  errors  can  be  appreciable  upon  occasion,  however,  due  to  such  things  as 
low  elevation  angles  and  evaluation  by  incompletely  trained  perspnnel# 


(2J  Of  the  non-gradient  terms  in  the  equations  f motion  that  have 
been  neglected,  the  acceleration  term  is  prooaDiv  the  most  significant. 

It  win  produce  oross-contour  flow  such  that  R ^ R . From  a sample 
of  257  winds  in  the  Jet  stream  region,  Riehl  and  Jenista  (1.0,)  found  that 
the  winds  blew  across  the  contours  at  angles  larger  than  30°  in  20  per  cent 
of  the  cases  and  angles  larger  than  45°  occurred  in  5 per  cent  of  the 
oases.  Part  of  their  data  was  taken  over  the  same  region  and  for  the 
same  period  as  the  wii.ds  considered  here.  Tfhixe  the  measurement  of  such 
angles  is  probably  subject  to  considerable  error  using  the  present  wind 
reporting  network,  some  cross-contour  flow  should  exist  and,  even  allowing 
for  some  error,  the  data  in  (lO)  show  that  large  angles  do  occur.  Cross- 
contour  flow  will  cause  R to  be  different  from  R„  but  the  effect  on  the 
oomputed  wind  speed  is  difficult  to  evaluate.  While  it  is  possible  that 
the  difference  in  curvature  used  could  cause  such  large  errors  by  itself, 
cross-contour  flow  also  signifies  a different  balance  of  forces  from  that 
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assumed  under  the  gradient  "wind  equation.  It  is  beneved,  therefore,  that 
cross-contour  flow  can  account  for  a large  portion  of  the  deviations  that 
occurred  but  that  deviaticr.3  m excess  of  50  per  cent  are  probably  not 
due  to  this  factor  alone. 

(3J  The  assumption  that  the  wind  blows  parallel  to  the  direction  of 
motion  of  the  system  should  be  quite  good  for  this  and  most  series  of  charts 
at  high  levels,  for  you  do  not  have  rapidly  moving  closed  centers  but  nave 
instead  analler  wave-like  perturbations  (short  wavesj  moving  along  the  basic 
curreut  (the  1 on g-*.v ave  pattern^.  The  largest  deviations  from  this  assumption 
occur  in  the  vicinity  of  the  inflection  point  of  the  flow--a  region  in 
which  the  gradient  correction  to  geostrophic  flow  will  be  quite  small  anyway. 

(4 ) The  analyses  for  this  test  were  made  by  the  authors.  Data  missing 
from  the  regular  teletype  reports  were  obtained  from  the  source  so  that 
the  coverage  was  as  complete  as  possible.  With  tne  present  radiosonde  net- 
work, however,  it  is  impossible  to  approach  a uniqu  .*  analysis.  This  was 
well  domonstratec  when  the  analyses  were  examined  m regions  where  large 
errors  were  made  m computing  the  winds.  In  many  rases  it  was  possible  to 
change  tne  araivsr s to  greatly  r-duce  the  error  without  disregarding  existing 
data.  It  is,  therefore,  believed  that  errors  the  computed  wind  speed  of 
50  per  cont  or  more  can  still  originate  in  analytical  errors. 

Conclusions 

From  the  above,  it  appears  tr.at  the  computation  of  winds  from  a pressure 
field  can  never  give  winds  of  tne  accuracy  needed,  due  to  analytical  errors  and 
the  non-gradient  effects  in  the  atmosphere.  Therefore,  it  seems  tnat  the  only 
way  to  obtain  a wind  field  at  upper  levels  accurate  enough  for  forecasting  and 
navigational  purposes  is  to  increase  the  number  and  accuracy  of  oDserved  winds. 

At  present,  we  must  still  make  wind  computations.  Consi deration  of  the 
above  suggest^  that  when  computing  winds  in  the  region  of  the  get  stream 
three  methods  3hould  be  used* 

(1 ) Under  cyclonic  flow  conditions  use  the  attached  gradient  computer 
and  the  brief  method  of  computation  (u3ing  the  average  CJ.  This  will  produce 
wind  speeds  with  probable  errors  of  ies3  than  10  per  cent  one-third  of  the 
time,  and  with  errors  of  less  than  30  per  cent  two-thirds  of  trie  time. 

Better  results  win  be  obtained  if  the  computations  are  restricted  to  regions 
whore  the  wL nda  are  expected  to  be  greater  than  50  knots. 

(2J  Undor  nno-curvat’>re"  flow,  the  neglect  of  radii  of  curvature 
beyond  80°  latitude  hus  no  appreciable  effect,  and  tne  geostrophic  wind  will 
give  as  good  results  as  the  gradient  wind  does  with  oyoiuoic  flow.  Again 
if  the  computations  are  restricted  to  piaoes  where  the  winds  are  expected 
to  be  greater  than  50  knots  the  results  will  be  better* 

(3J  Under  anticycionic  flow  the  geostrophio  wind  should  be  U3ed  if  it 
is  less  than  40  knots.  If  it  is  greater  than  this  it  should  be  increased 
by  20  per  cent.  With  this  method,  results  win  be  obtained  comparable  to 
(l ) and  (2)  above. 


-8' 


i 


It  should  be  remembered  that  the  nomograms  and  other  computational 
techniques  suggested  above  are  for  use  in  regions  of  the  jet  stream — 300  mb 
to  200  mb.  Their  use  at  other  levels  is  questionable.  This  is  so  partly 
because  the  nomograms  were  constructed  under  the  assumption  that  the 
angle  between  the  wind  direction  and  the  movement  of  the  streamline  field 
was  quite  small.  Therefore,  at  any  level  in  the  atmosphere  where  the 
flow  pattern  consists  of  many  closed  highs  and  lows,  thi3  assumption  will 
not  be  generally  valid.  Another  factor  is  that  the  method  of  computing 
winds  under  anticyclonic  flow  conditions  is  based  on  a statistic  obtained 
with  data  at  the  300-mb  level.  It  is,  therefore,  applicable  only  in  that 
vi c inity. 
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APPEND!! 


The  nomograms  ware  constructed  from  equatim  3,  using  a particular 
latitude  (43° ) and  a particular  value  of  the  speed  of  the  system  (20  knots). 
The  ordinate  is  the  geostrophic  wind  speed  in  knots  (Vg'j  the  abscissa  is 
basically  the  radius  of  curvature  of  the  contours  (streamlines)  in  degrees 
latitude  at  the  point  of  computation  (Rg).  The  gradient  wind  is  obtained 
from  the  solid  curving  lines  labeled  in  knots. 

To  correct  for  latitudes  other  than  43°,  multiply  Pg  by  the  factor  k, 
as  obtained  from  Table  I on  the  nomograms.  When  the  speed  of  Lhe  system  does 
not  equal  20  knots  use  the  dashed  lines  radiating  from  the  lower  left  corner 
of  the  nomogram  and  Table  II  on  the  nomogram  to  obtain  a correction  to  the 
gradient  wind  for  C = 20  knots. 

A brief  method  of  computation  wich  eliminates  estimating  and  correcting 
for  the  speed  C is  performed  simply  by  assumming  C = 20  kncts,  the  average 
value.  This  win  oause  an  error  of  less  than  10  per  cent  in  the  computed 
wind  provided  the  actual  speed  C lies  within  the  range  0 to  40  knots  and 
provided  the  computation  is  performed  in  the  region  of  the  nomogram  to  the 
right  of  the  short  dashed  curve.  This  dashed  curve  is  located  at  the  far 
left  on  the  nomogram. 


To  obtain  the  radius  of  curvature  of  the  contours  it  is  suggested  that 
a tool  similar  to  that  of  Fig.  3 be  used.  The  values  to  the  left  of  the 
curves  give  the  value  of  R in  degrees  latitude  appropriate  to  the  scale  and 
projection  of  the  map  used;  the  values  on  the  right  give  kR  . To  use  this 
it  should  be  transparent  so  that  it  can  be  j/iacod  over  a .map  and  the  curve 
of  the  oontours  matched  with  one  of  the  curves  on  the  overlay,, 
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Fig*  li  Gradient  wind  nomogram  for  cyoionio  ourvature, 

(ij  Determine  JcRfl  using  Table  I and  the  radius  of  ourvature  of  the 
oontcur  (streamline ), 

(2)  Enter  graph  with  this  value  (icE3j  and  the  geostrophic  wind 

At  their  intersection  obtain  value  for  gradient  wind  (V). 

(3)  Using  speed  of  system  along  streamlines  (C)  correct  V aooording  to 
Table  II,  obtaining  VQ.  Brief  Methods  Eliminate  step  No.  3-- 
this  introduces  error  10$  in  area  to  right  of  short-dashed 
curve,  assuming  0S.CS.40  lets. 
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Fig*  2i  S amo  as  Fig.  i for  ec  tioyolonio  ourvature 


An  example  of  an  overlay  for  obtaining 
radius  of  ourvature*  The  values  of  Rg 
given  on  the  left  of  the  overlay  are 
radii  of  ourvature  correoted  only  for 
the  latitude  of  the  computation  point* 
The  values  on  the  right  are  multiplied 
bv  the  anoropriate  ic  as  given  in  Table  I 
cel  the  gradient  wind  nonograma  (Fig*  2), 
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Fig.  4* 

Cumulative  frequency  curves  for 
cyclonic  winds.  The  solid  curve 
is  the  per  cent  deviation  of  the 
gradient  from  the  observed  winds. 
The  dashed  curve  is  the  per  cent 
deviation  of  the  geostrophic  from 
the  observed  winds. 
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Fig.  5 i 

Frequency  distributions  of  the 
per  cent  deviation  of  tho  com- 
puted wind  from  the  observed 
wind,  with  positive  values  in- 
dicating a oomputed  wind  larger 
than  the  observed  wind. 


a.  Cycionio  winds.  The  solid  curve  gives 
the  distribution  of  errors  of  alJ  the  gradient 
winds.  The  dashed  curve  includes  only  observed 
winds  2 50  knots. 
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b.  No  ourvature.  The  solid  curve  gives  the 
distribution  of  errors  of  all  the  geostrophio 
winds.  The  dashed  curve  Includes  only  observed 
winds  2 50  knots. 
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Fig.  6* 


Fig.  7 

Same  as  Fig.  5 
for  anti cyclonic 
winds . 


Same  as  Fig.  4 for  anticyolonic 

winds. 


a.  The  distribution  of  errors  of  the  geo~ 
strophio  wind  includes  only  those  observed 
winds  <50  knots. 
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b.  The  solid  ourve  is  the  distribution  of 
errors  of  the  geostrophio  wind  for  observed 
winds  ^ 50  knots.  The  dashed  ourve  is  the 
distribution  of  errors  of  the  geostrophio 
wind  plus  20  per  oent. 


